of three diuretics on the urinary Cal ' excretion and on the microsomal Cat'-activated ATPase were examined in the rat kidney. 
A large amount of Ca2+ is reabsorbed by the mammalian nephron (1, 2) , but the nature of the transcellular transport system has not been fully elucidated. Clearance studies in the dog kidney demonstrated a close correlation between the clearance rates of Ca2+ and Na+ under a variety of experimental conditions (3, 4) . Micropuncture studies in the rats and dogs also demonstrated a close interrelationship of Ca2+ and Na+ reabsorption in both proximal and distal segments of the superficial nephrons (5, 6). These observations suggest that a common transport system for Cal+ and Na+ exists in the nephron. On the contrary, other studies have failed to demonstrate a consistent relationship between urinary excretion rates of Ca2+ and Na+ (7, 8) . It has been reported by Suki et al. (9) that increased Ca2+ excretion during the acute administration of furosemide and other diuretics was evident and that little or no increase in Ca2+ excretion resulted with administration of acetazolamide and chlorothiazide.
A biochemical study of the kidney cortex plasma membrane demonstrated that ATPase was indeed stimulated by Call and that this enzyme may play a role in the transport of Call by the kidney (10) .
As the effects of diuretics on the renal tubular transport of Call and the microsomal ATPase have not been extensively studied in the rat, the present work were undertaken to determine the effects of acetazolamide, furosemide, and bumetanide on the renal excretion of Call and the microsomal Cal--activated ATPase (Ca2+-ATPase).
MATERIALS AND METHODS
Collection and assay of urine and blood samples
Male Wistar rats, 300-400 g, were kept in individual metabolic cages at a room temper ature of about 22°C. Each rat was given 2.5 ml of isotonic saline per 100 g of body weight through a stomach tube 30 min before the experiment. Acetazolamide and furosemide were dissolved in isotonic saline, and injected i.p. or given into the femoral vein. Bumetanide was dissolved in ethanol and the solution was given i.p.. Immediately after the admin istration of diuretics, urine samples were collected during 2 hr and the urine remaining in the bladder was expelled onto the floor of the metabolic cage by pressing the pubic area.
The animals were then anesthetized with pentobarbital, 30 mg/kg body wt. given i.p.. Blood samples were obtained from the abdominal aorta. Na+ and K+ in the plasma and urine were determined with a direct-reading flame photometer (I.L. 143, propane-air flame).
Ca2+ and Mg2+ were assayed with an atomic absorption spectrophotometer (Perkin Elmer 403). One percent lanthanum was used for the preparation of Ca2+ standard solution and samples in order to prevent phosphate interference. Inorganic phosphate was analysed by a modified method of Fiske and Subbarow (11), i.e., perchloric acid was used instead of sulfuric acid. Student's t-test was used for comparison between experimental and control series.
Assay of ATPase
The ). Mitochondrial and microsomal fractions were prepared from the above supernatant as described in a previous paper (12) . The microsomal preparation was stored frozen (--20°C) until use. ATPase activity was assayed in a standard medium of 140 mM KCI (or 100 mM NaCI plus 40 mM KCI), 10 mM Tris-HCJ (pH 7.4), 2 mM ATP (tris salt), 1 mM ouabain, and 25 mM sucrose, with CaC12 and MgCI2 added in the concentrations desired, or 0.1 mM EGTA.
The reaction was initiated by adding 0.1 ml of the enzyme (0.1 mg of protein) to 0.9 ml of this medium kept at 30°C in a shaking water bath. The reaction was terminated after 10 min by adding 0.5 ml of 15 % trichloroacetic acid. The tubes were then centrifuged for 5 min at 2,500 rpm and the rate of ATP hydrolysis was determined by measuring the amount of inorganic phosphate in the supernatant. Enzyme activity is expressed in nmoles or pmoles of Pi per mg protein per min. The protein concentration of the subcellular preparations was determined by the method of Lowry et al. (13) . Crystalline bovine serum albumin was used as a protein standard. Substrates were purchased from Sigma Chemical Co., and other chemicals were of reagent grade.
RESULTS
Effects of diuretics on plasma and urinary Cat+, Mgt+, Na+, and K+ are summarized there was a slight decrease in the Ca2+ concentration in plasma. The natriuretic effect of these diuretics was found to be in good parallel with those reported by other workers (14, 15) . Urinary excretion of Na+ and K+ following the injection of furosemide or bumetanide increased along with that of Ca2+. However, there was no accompanying elevation in urinary excretion of Ca2+ after acetazolamide.
The plasma and urinary inorganic phosphate before and after the administration of acetazolamide did not change demonstrably as shown in Table 2 . The plasma and urinary Ca2+ demonstrated no alteration in pattern after acetazolamide had been administered i.p. Other conditions were the same as in Fig. 1 . Values are the mean of analysis obtained with two preparations. Leme et al. assumed that the dissociation of urinary Na+ and Call excretion might be related to the presence of an intact parathyroid function in man (8) . The possibility that acetazolamide exerts its action, partly, through a parathyroid hormone can be ruled out in the rat, since the plasma and urinary inorganic phosphate was not affected by the admin istration of acetazolamide (Table 2) .
It may be concluded that Na+ transport can be inhibited by acetazolamide without affecting Call reabsorption in the rat nephron.
Parkinson and Radde (10) reported that inhibition of Ca2+-sensitive ATPase activity in the plasma membrane of rat kidney cortex could not be demonstrated with ouabain and ethacrynic acid. In the present experiments, we found that furosemide and bumetanide did not affect Ca2+-ATPase and Mg2+-ATPase of rat kidney cortical microsomes. Inhibition of the enzyme by mersalyl was not specific in the presence of Cal ' , and Ca2+-ATPase was less sensitive to the action of mersalyl than was Mg2+-ATPase. These data suggest that the inhibitory effect of furosemide and bumetanide on the Ca2+ reabsorption was not due to the inhibition of microsomal Cat+-ATPase in rat kidney cortex.
Preliminary results in our laboratory indicate that specific activity of Cat+-ATPase is several fold higher in the microsomal fraction from the outer medulla than in the preparation from the cortex in rabbits. In recent years, several workers have found that furosemide exerts an effect in the medullary segment of the ascending limb of Henle's loop in addition to a proximal action (9) . Further work is in progress on the effects of furosemide and other diuretics on microsomal Cat+-ATPase in kidney medulla.
